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Abstract

1.astyear, 1 had reported a novel phenomenon of voltage-induced color-selective
abso 1 ptio n with surface plasmons (Appl. Phys. Lett. 67, . 7749), W'hen awhile light isincidenton a
metal/bO materialinterface, in certain condition, surlace plasmon waves can be excited; those
photons in surface plasmon resonance wavelength range would be totally absorbed and these
photons out of the surface P1asmon resonance wavelength range would be almost totally reflected.
This surface plasmon resonance depends on the diclectric constants of both the metal and the 1O
material. If avoltage isadded on the 1:0O material to change its diclectric constant, the surface
plasmonicsonance spectium can be shifted form one wavelength to the other, and this is a tunable
notch filter. If coupled surface plasmon waves arc used, a tunable bandpass filter can be built.

A prototype mode has been built using liquid crystal as the 1:0 material. Fxperiment
result, which has excellent agreement with theory, has shown that the wavelength tunable range
cancover amost al of the visible (from 450 nmto 650 nm) when 30-v voltage is applied.
Thcorctical calculation has shown that this tunable filter canalso work in IR range up to at least
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Animage spectrometer acquires images of the same scene simultaneously in many
contiguous spectral bands over a given spectral range. By adding wavelength to the image as a
t bird dimension, the spectrum of any pixel in the scene canbe calculated, These images can be
uscd to obtain the reflectance spectium for each image pixel, which can be used to identify
componentsin the ta[-get.

The most common method of doing image spectroscopy is by changing fixed dichroic
filters, the system is heavy and the speed is slow. Several tunable filters have been proposal, but
they all have sever problems, fbr example, the acousto-optic tunable filter is power hungry (in
kilowatts), the liquid crystal tunable filter is slow and has low efliciency, the Fabry-Perot tunable
filter has avery narrow tunable range. Now a new technology of surface plasmon tunable color
filter hasbeeninvent ed at JP1., surface plasmon tunable filter isalight weight, low power, high
cfliciency device, it canbeintegrated with a solid state sensor for m an imaging spectrometer on a
chip.

"The surface plasmon (SP) has been studied since the 1960’ s. 1t can be described as a
collective oscillation in electron density at the interface of ametal and a dielectric.’. At SP
resonance, the reflectedlight vanishes. This resonance isreferred to as attenuated total reflection,
and is dependent upon the dielectric constants of both the metal and the diclectric. If an electro-
optical (1:0) material is used as the dielectric and avoltage is applied to change the S1'resonance
condition, the reflected light can be modulated®?. A SI° spatial laser light modulator with a
contrast ratio greater than 100 has been reported®,

1 we consider the S1' light modulatorin frequency space, the photons at the S1
resonance frequency will be absorbed by the fi cc elect rons in the metal, and the photons away
fiom the S'1 csonance will be totally reficeted. If avoliage is applied to the EO mateurial, the
resonance ficquency will change, and a tunable
filter is formed.
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The SI' tunable notch filter’ was invented
in1992 and a prototype model was built in 1993,
The experimental result was published in 1995 as Metal fim
ancw physical phenomenon of "voltage-induced
colo - select ive absorption with surface

plasmons"®.

The experiment arrangement of the ST’
tunable notch filter is shown in ¥ig. 1. Here a50
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fiquid crystal will change, the S1' resonance
will change, and the color of the reflected
light will change. The experimental resultis
shownin¥ig. 2. lere the dots are the
experiment data and the solid curves are the
theoretical calculations, When awhite light
wasincident on this sample at zero voltage.,
the S1' resonance was at 640 nm, the red
color was absorbed and the reflected light
lookedeyan. Whenal O-V voltage was
applied, the resonance shifted to 560 nm,
areen color was absorbed, and the reflected
lightlooked magenta. When the voltage was
increased to 30-v, the SP resonance shified to
450 nm, blue color was absorbed and the
1eflected light looked yellow, The experiment
had shown very good agreement with the
theory
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Fig. 3 Structure of surface plasmon bandpass filter
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In1996, the S1'tunable bandpass filter
using, coupled S1' waves was invented at J']?. The
structure of this SP tunable bandpass filter is shown
inkig. 3. A symmetric gecomet1y of metal/JiO/metal
is employed. Two high index glass prisms arc used
for the coupling. A thin metal filimis evaporatedon
each prism respectively. A thin EO material layer is
sandwiched by the two prisms. The EO layer isless
than onc¢ wavelength thick. Where a S1' wave is
excited onone side of metal/}’,0 material interface
by theincident photons, the encrgy of resonance
photons will be conver ted into the motion Of frec
clectrons of the metal film, the optical field will
penctrate the thin 1O layer and excite another SP

wave with the same frequency at the other 1:0/met @ interface because oft he symmetric structui C.
The resonance photons will then be re-radiated out as the transmittal light. When a voltage is
added on the 1O material, the index of the EO material will change, the S1' resonance fiequency
will change, and the transmission spectram will change. Iig. 4shows the theoretical calculation of
t ransmission sped rum for two silver film scparated by @ 150 nm 1O material layer. Without
voltag ¢, the index change dnis zero, and the peak transmission isat 450 nm. When the voltage
induced index change of the 12O layer has a inciease of dn: 0,2, the transmission peak shifts to 530
nm. When the index change din: 0.5, the peak transmission shifts to 650 nm,

The intensity of peak transimission depends 011 the optical propertics and the thickness of




the metal. Metals with small imaginary part of
the dielectric constant will have higher peak
transmission and narrower bandwidth. On the
other hand, athinner metallayer will give
greater peak transmission] and broader

. &0
bandwidth, » s
.. . . iy
I'he operation spectrum range is also © aro i
depends on the optical property of the metal ) j i"i
film, silver seems a good choicein visible, w | by i
while gold, potassium and lithium may be s \ I
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operate, and if t \vo micro-prism arrays arc used

to replace the two prisms, it will be alight weight device Currently, an effort of combining
sutface plasmon tunable filter and active pixel sensor to forman imaging specti-ometer cm achip is
underway.
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